ABSTRACT
INTRODUCTION
his study tests the efficiency of the Toronto Stock Exchange (TSX) using Canadian Stock Index returns 1 and compares results to the results of representative studies testing the efficiency of other developed exchanges like the NYSE, London Stock Exchange (LSE), Tokyo Stock Exchange (TSE), and the NASDAQ stock exchange. The degree of efficiency on TSX is important for accounting and economic research on production/investment decisions, adherence to regulatory standards, performance evaluation benchmarking, and corporate disclosure decision-making.
The research on market efficiency has been carried out in different countries and using different techniques. The empirical results are controversial; some support the EMH, whereas others do not. Most developed markets are found to be weak-form efficient. Developing markets, on the contrary, are found to be weak-form inefficient: there is evidence of a serial autocorrelation and of a substantial dependence in successive security price changes. The latter implies that developing countries do not follow the RWM.
The contribution of this study is to test for the randomness of return series using a variety of statistical tests. We uniformly reject the RWM and find that TSX Index returns are anti-persistent. (2003), using intra-day trade and quote data for 7 years downloaded from the Reuters database, rate world equity markets in terms of market efficiency and integrity. First, they attach separate efficiency/integrity ratings to each examined market. Then, overall ratings are calculated by adding respective market efficiency/integrity ratings together. They attach the following overall ratings to the four exchanges discussed above: the NYSE (ranked # 1), the TSX (ranked # 4), the TSE (ranked #5), and the LSE (ranked #7).
What does past research conclude regarding the weak-form efficiency of the Canadian equity market? Porteba and Summers (1988) investigate transitory components in stock returns of Canadian, 4 US companies, and companies of 17 other countries. Specifically, they test for mean-reversion after showing that common statistical tests (the variance ratio test and ARMA models) have little power to detect any persistent deviations of returns from their fundamental values. Results show that stock returns exhibit positive (negative) serial correlations over shorter (longer) intervals of time. Furthermore, even though the RWM cannot be rejected at high significance levels on the basis of individual datasets used in isolation, the results on the basis of all data together allows one to strengthen the case against the overall validity of the RWM. Subsequent studies on the weak-form efficiency of Canadian stock markets find that the results are data-specific. For example, Freund et al (1997) use the Rescaled Range Analysis (R/S) to examine the TSX efficiency, before and after the introduction of electronic trading. Using daily (monthly stock index) data for selected individual stocks, they reject (fail to reject) the RWM. They attribute the difference in daily and monthly results to the effect of aggregation and indexation of return data. In addition, they compare the performance of several simple 'technical' trading strategies to that of a 'buy and hold' strategy using daily data for 25 stocks. They find that, despite the presence of non-random patterns in return data, technical trading rules fail to exploit profitable information to outperform the buy and hold strategy. This implies that the rejection of the RWM does not necessarily translate into an abnormal performance. Freund and Pagano (2000) reach a similar conclusion after testing (using non-parametric tests) for market efficiency on the TSX and the NYSE, before and after the introduction of electronic trading. They show that electronic trading has no impact on the efficiency of both markets, and for TSX, it actually coincides with an improvement in efficiency. Chan et al. (1997) Daily index price series are converted into continuously compounded returns. Logarithmic returns are used because they are analytically more tractable and are more likely to be normally distributed. Freund et al. (1997) also argues that logarithmic transformation removes most of linear dependence between today's returns and past daily returns. Results in Table 2 .1 show that the distribution of return series does not follow a normal curve. 6 Reported skewness statistics of all index return series are not zero, with statistics high and negative for the TSX Composite Index (0.92), the TSX 60 Index (0.83), and the TSX Small Cap Index (0.83). Reported kurtosis statistics of all index return series are greater than three, meaning that their underlying distribution is leptokurtic. Specifically, high kurtosis values are reported for the TSX Composite Index, the TSX Small Cap Index, and the TSX Venture Index, which are 15.5, 14.4, and 11.4 respectively. This means that the distribution of Canadian Index returns is not normal, violating the prior condition of a random walk model. Reported Jarque-Bera (JB) statistics (which test for normality) and their corresponding p-values confirm our initial conclusion of a non-normal return distribution (the lowest JB value is 266.92 for the TSX 60 Capped Index and the highest is 46,941.56 for the TSX Composite Index).
Empirical Results
We use both, parametric (i.e., autocorrelation (AC) and Breusch-Godfrey (BG)) and non-parametric (i.e., Brock, Dechert, and Sheinkman (BDS) and runs tests), tests to test weak-form efficiency of the Canadian stock market. We also use univariate unit root tests including Augmented Dickey-Fuller (ADF), Phillips-Perron (PP), and Kwiatkowski, Phillips, Schmidt, and Shin (KPSS) tests.
To examine the serial dependence in return series, we use the runs test and the serial correlation coefficient (i.e., autocorrelation and Breusch-Godfrey) tests. Autocorrelation is a parametric test which is widely used in empirical research and it tests the relationship between current and previous period stock returns. Table 2 .2 presents autocorrelation coefficients and their associated Q-Statistics up to 12 lags. The Qstatistic test the joint hypothesis that all the individual autocorrelation coefficients are simulteneously equal to zero. Since the sample size is large for all the indices studied, Q-statistic is approximately distributed as the chi-square distribution with 12 degrees of freedom. The results reject the null hypothesis of no serial autocorrelation for all indices at 1% significance level, except for the TSX 60 capped index, 7 providing an initial evidence of an overall weak-form Canadian equity market inefficiency. All other index autocorrelation coefficients are statistically different from zero at all examined lags, based on reported zero or close to zero Q-statistic probabilities. Results of the Breusch-Godfrey (BG) Lagrange multiplier test to test for the existence of the high-order ARMA errors are reported in Table 2 .3 of this study. The null hypothesis of this test is that there is no serial autocorrelation in the residuals up to a specified order. The maximum lag length we used for this test is 12 lags. We report two statistics: the F-statistic and the number of observations times the R-square statistic. The distribution of the former is unknown, whereas the latter is asymptotically distributed as the variable. As presented results show the null hypothesis is rejected at 1% level for the TSX Venture, the TSX Composite capped, and the TSX Completion Index and at 5% level for the TSX Composite, TSX 60, and the TSX Small Cap Index. The null fails to be rejected for the TSX 60 Capped Index even at 10% level, implying that only these returns are not predictable, which support the results obtained by the autocorrelation analysis above. Overall, BG results provide evidence of a statistically significant serial autocorrelation in the residuals. The runs test imposes no prior distributional assumptions and may be better suited to detect statistical dependencies and/or randomness than parametric tests (e.g., auto-correlation tests). The null hypothesis is that the observed series are random. Assuming that successive outcomes are independent, the number of runs is distributed normally with the following mean and standard deviation: mean= + 1, st. dev. = ; n = n A + n B , where n A and n B are the number of "+" and "-" symbols respectively. This means that the null hypothesis of randomness is rejected if the calculated number of runs falls outside of the 95% confidence interval [
] and fails to be rejected otherwise.
Results of the runs test are presented in Table 2 .4. We compute the actual number of runs and confidence interval limits using the actual return series for each index. Under the null hypothesis of a RW in return series, we expect the hypothesized number of runs to be equal to or close to the actual total number of runs. Table 2 .4 results show that the null hypothesis of randomness is rejected for all index return series except for the TSX 60 Capped Index. For the TSX 60 Capped Index, we fail to reject the null hypothesis since the calculated number of runs (946) falls within the confidence interval (874.86, 958.51), suggesting weak-form efficiency when using that index. The results of univariate unit root (i.e., the Augmented Dickey-Fuller (ADF) test, the Phillips-Perron (PP) test, and the Kwiatkowski, Phillips, Schmidt, and Shin (KPSS)) tests are presented in Table 2 .5 of this study. The null hypothesis for ADF and PP tests is the presence of a unit root, whereas for the KPSS test -is level stationarity. We include (exclude) the drift (trend) term into ADF and PP tests and select an appropriate lag length by minimizing the Schwartz information criterion (SIC). The PP test is a generalization of the non-augmented Dickey-Fuller (DF) procedure. The distribution theory that supports DF tests assumes that in the DF model errors are statistically independent and have a constant variance (homogeneous). The PP test relaxes this assumption, and allows disturbances to be weakly dependent and heterogeneously distributed. Enders (1995) notes that the critical values for PP and DF statistics are the same because PP statistics are modified DF t-statistics that take into account a less restrictive nature of the error process. The KPSS test uses a similar autocorrelation correction as the PP but assumes that observed time series are decomposed into the sum of a deterministic trend, a random walk with a zero variance, and a stationary error term. The KPSS test's null hypothesis is either trend-or level-stationary. Worthington and Higgs (2003) note that the advantage of the KPSS test is its ability to distinguish between the unit root and the near unit root behaviour. LR asymptotic critical values for KPSS statistics are reported in Kwiatkowski et al. (1992) . The consistency of the linear test results provided through non-parametric and univariate unit root tests presented above give us some confidence that the Canadian market is weak-form inefficient. Because commonly applied tests may fail to detect deterministic processes of a nonlinear nature that generate variates appearing random (Pandey et al., 1998), we apply further tests better suited to capture the nonlinear dynamics, which were developed with advances in the theory of chaos: the BDS 8 test and the R/S analysis.
The BDS tests if data series are independently and identically distributed (IID). The usual procedure is to apply the test to the pre-whited data for which the existence of a unit root is ruled out (Pandey et al., 1998) . If the test rejects the null of an IID, it suggests a possibility for some form of non-linear dynamics. Pandey et al. (1998) , however, note that the rejection of the null does not provide convincing evidence for the presence of nonlinear dynamics because structural shifts in the data series can contribute to the rejection of the null. For robustness, we run the BDS test on the filtered data over the full sample period (7105 observations) and for a sample of 1506 end-ofday observations. The process of filtering data series is the process of a removal of a linear structure present in the series. The test is applied to filtered residuals from the second order autoregression model, which is sufficient to remove the linear structure present in all return series. To further test for the possibility of a chaotic random data generating process governing Canadian stock returns, we use the modified Lo's Rescaled Range (R/S) statistic. 11 The original R/S accounts for zero autocorrelations in the variance estimator and is defined as the range of the partial sums of deviations of return series from the mean, scaled by its standard deviation. Lo's (1991) modification of the original R/S statistic allows accounting for autocovariances up to lag n within the variance estimator. Hurst exponent is estimated through OLS of the form: Log (R/S) = H x log (N) + log (a) with a denoting a constant and H -the Hurst exponent. An H of 0.5 implies a non-deterministic process, that is, a process for which past history of events has no impact on the future. An H of less than 0.5 implies an anti-persistent behaviour, meaning that a positive trend in one N-length sub-period is more likely to be followed by a negative trend in the next N-length sub-period. An H of greater than 0.5 implies a persistent behaviour, meaning that a positive trend is more likely to be followed by another positive trend. 11 Lo's (1991) R/S is given by the following formula: 
We summarise the results of R/S analysis in Table 2 .7. The calculated Hurst exponents generally confirm the presence of a non-linear dependencies present in Canadian return series. They suggest that all seven index returns are characterized by an anti-persistent behaviour for which return series move in trend-reversing patterns. Therefore, the results of all tests used in this study, together with results of tests for non-linear dependence, are consistent and provide evidence that the Canadian stock market is inefficient.
CONCLUSION
This study examines the validity of the weak-form EMH on Canadian equity markets, using a variety of TSX indices. We conduct an empirical analysis using continuously compounded Canadian equity returns using seven Canadian stock market indices (the TSX Composite Index; the TSX 60 Index, the TSX 60 Capped Index, the TSX Small Cap Index, the TSX Venture Index, the TSX Composite Capped Index, and the TSX Completion Index). We employ different statistical techniques to assess the weak-form market efficiency. Overall, the results of the empirical analysis suggest that the Canadian stock market returns are predictable, hence violating the notion of market efficiency. The latter conclusion is invariant to the choice of a statistical technique used.
We use parametric and non-parametric test procedures to test the validity of the EMH on the TSX. Parametric tests include autocorrelation and BG tests. Non-parametric tests include the BDS and the runs tests. Reported Q-statistics reject the null hypothesis of no autocorrelation for all index returns, except for the TXS 60 Capped Index. The Box-Pierce test results are consistent with the BG test and the runs test results. The latter tests also fail to reject the null hypothesis of a zero autocorrelation for Canadian equity index returns with the exception of the TSX 60 capped index return.
Univariate unit root tests (ADF, PP, and KPSS) are used to test for stationarity in return series of seven indices. The null for the ADF and the PP tests is the presence of a unit root, whereas the null for the KPSS test is level stationarity. The ADF and the PP tests reject the null of a unit root, whereas the KPSS tests fail to reject the null of level stationarity for all index returns.
After ruling out the first order integration of return series, we proceed to test for the presence of non-linear dynamics (to detect deterministic processes of a nonlinear nature which linear tests may fail to capture). For this reason, we use the BDS test and the R/S analysis. The BDS test results uniformly suggest the rejection of a null of an IID governing residuals from the AR(2) model fitted to equity returns. For robustness, we run the BDS test using
